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1. INTRODUCTION 
In 1985, the Training Project In Pedology (TPIP) set to work 
in Chuka-south. It's main aims were to produce a soil map and a 
land suitability map of the area. For the production of the land 
suitability map, a land evaluation for agricultural crops was 
carried out. Availability of nutrients, hereafter referred to as 
chemical soil fertility, is an important land quality in the 
system of land evaluation, since it aften farms a constraint to 
erop production. Due to the limited time available, the research 
on soil fertility had to be restricted to the study of chemical 
soil data. 
In gualitative land evaluation systems, chemical soil 
fertility is considered a mapping unit characteristic and the 
chemical soil fertility map is directly derived from the soil 
map. Since mapping units are classif~ed mainly on subsoil 
characteristics and chemical soil fertility is defined mainly by 
topsoil characteristics (Buol, 1972) this system is aften not 
correct. Quantitative land evaluation systems, provide the 
opportunity to treat chemica! soil fertility as an independant 
factor, , since the analysis is only feasible wi th the help of 
computers. 
Another aspect is the interpretation of the chemical soil 
data. The yield of a specific erop depends on the nutrient demand 
of that erop and Lhe availibility of nutrients. The latter being 
determined by the different soil parameters, their interactions 
and ether environmental factors such as temperature, percentage 
of moisture, root development etc. The soil's chemica! processes 
and the uptake of nutrients are not yet fully understood or at 
least these processes are too complex to be modelled. Yet, the 
Department of Soil Science and Plant Nutrition of the 
Agricultural University Wageningen and the Centre of World Food 
Studies (CWFS) developed a simulation model, called QUEFTS 
(Janssen et al, 1987), which calculates the yield of a standard 
maize erop, frorn chernical soil data, resulting in one parameter 
for chemical soil fertility. 
The object of this study is to determine the availability of 
nutrients, i.e. chernical soil fertility of the area. This was 
done in two different ways: 
i chemical soil fertility as a mapping unit characteristic 
ii chemica! soil fertility as a spatial variable 
For both rnethods assumptions are made. This study 
demonstrates the effects of each method on the final results. 
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2. SOILS AND CLIMATE 
For detailed information on soils and climate see De 
Meester and Legger, (1987). 
The first entry of the legend of the soil map is 
Geomorphology and the second is Geology. Only at the third level 
the soils are distinguished on soil characteristics. The area can 
roughly be divided into two parts: the Volcanic Footridges 
consisting of pyroclastic rocks (lahars) in the western half and 
the Uplands mainly consisting of Basement System rocks with 
intrusions of volcanic rocks in the eastern half, the latter 
being of much older origin. 
Climatic factors of importance are amount of rainfall, 
drought intensity and temperature, which are strongly related to 
altitude. Soil processes invoked by these factors, which are of 
importance to chemical soil fertility are erosion, transport of 
elements and mineralization. 
3. METHODOLOGY 
3.1 Introduction 
Composita samples from 0-20 cm were collected from places 
randomly distributed over the whole survey area and send to the 
National Agricultural Laboratories (NAL) for analysis. The 
following characteristics were measured (Hinga et al, 1980): 
* pH-H20 
* P-Mehlich 
* organic C (Walkley-Black) 
* organic N (Kjeldahl) 
* exchangeable Ca, Mg, K, Na and Mn 
mg/kg 
meg/100g 
A correction factor of 1.2 is used for Walkley-Black figures to 
obtain total C-organic. 
The observation sites were plotted on the soil map, 
whereafter coordinates and mapping unit were determined. Then, 
nutrient-limited yields were calculated with the QUEFTS model for 
each site. 
QUEFTS calculates yields of maize in kg dry matter f rom data 
on pff.;."H20, organic C or N ( g /kg) , P-Olsen ( mg /kg) and exch. K 
(mmol/kg). To obtain fresh yields a correction factor of 1.25 
must be applied. For use in the QUEFTS model the original data 
had to be adapted as follows. The P-Mehlich figures were divided 
by 3 · to get data comparable with P-Olsen figures. C data were 
rnultiplied with a factor of 12, N and K data were multiplied with 
a factor of 10 to obtain the right dimensions. The model uses 
-~·---·e.i-t...h-€l-:i;:-.......~Fl4e-~n±c-N ·data as ~ource. When organic C 
1
. data are used a C/N ratio of 10 is assumed. In this study bath C 
• and N data were used and yields were calculated as the average of 
bath. 
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3.2 Fertility as a mapping unit characteristic 
For each mapping unit the chemical soil data and the 
calculated yields were averaged. From the averaged yields the 
nutrient most limiting to maize production was determined. 
According to their average yield the mapping units were grouped 
in fertility classes. 
3.3 Fertility as a spatial variable 
The area was divided in 56 by 27 regular grid cells, each 
grid cell covering an area of 1 km2. Values of the different 
variables, were estimated for each grid cell from neighbouring 
data points, by the method of strict kriging (Corsten, 1985). In 
this study it was assumed that there is no surface trend, i.e. 
the expectation for each variable is a constant, and that the 
covariance structure is isotropic, i.e. the same in every 
direction. The construction of the serni-variograrn was done with 
SPATANAL a program written by A. Stein. This semi-variogram was 
approximated by a linear eguation. Hereafter the original data 
were transferred to a regular data set and plotted on a map using 
UNIRAS, Version 5.0, 1986, which was developed by European 
Software Contractors, Lyngby, Denmark. In the kriging P,rocedure, 
the search radius was 9 km and the maximum size of the 
neighbourhood was 24. Next to estimated values for the different 
variables, standard deviations were calculated and plotted (see 
Appendix). They serve as an indicator for the guality of the 
estirnation. 
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4. RESULTS AND DISCUSSIONS 
The uptake relations used in the QUEFTS model are a result 
of earlier field trials in Kenya and Suriname. They are empirical 
and therefore one must be careful when applying the model under 
other circumstances. Another disadvantage of the model is that it 
calculates yields from the uptake of N, P and K only. Generally 
plant growth is restricted by lack of one of these nutrients, but 
other nutrients certainly can affect plant growth. The calculated 
yields rather have a relative than an absolute value. Remind that 
nutrient-limited yields are calculated. 
4.1 Fertility as a mapping unit characteristic 
Chemical soil data were available for 28 of the 37 
units of the soil map. Average chemical soil data, 
estimated yield, number of observations and most 
nutrient for the different mapping unit are presented in 
mapping 
average 
limiting 
table 1. 
Table 1. Number of observations (n), average chemical soil data, 
average estimated yield (YE), and most limiting 
nutrient (LN) of the soil mapping units. 
Map 
Unit 
n pH c 
9-0 
Mg K Na Mn 
mmol(I)/lOOg 
YE 
Kg 
LN 
MQC 1 6.7 0.26 .06 314 4.8 0.6 0.36 .14 0.28 1539 N 
HGC 1 5.7 1.67 .22 18 2.4 1.3 0.58 .18 0.62 3776 P 
HQC 3 5.7 0.95 .13 21 4.6 1.6 0.27 .07 0.39 2047 N 
HUC 2 6.8 0.53 .08 72 6.6 2.8 0.22 .12 0.46 1659 N 
HBC 1 6.9 1.72 .19 31 7.6 7.8 0.14 .14 0.52 1222 K 
HPC 2 5.4 3.16 .28 13 0.0 0.4 0.21 .06 0.27 2182 K 
RPlh 66 5.2 2.77 .35 17 2.6 1.8 0.61 .12 0.87 2835 P 
RP2 1 5.4 6.42 .99 25 0.0 0.8 0.46 .06 0.46 2128 K 
LPl 15 5.8 2.11 .17 18 4.5 2.9 0.95 .13 0.92 3785 P 
LPC 2 5.7 1.90 .14 25 4.8 2.6 1.23 .18 0.46 3961 N 
LB 1 6.2 1.87 .11 6 2.8 1.3 0.57 .10 0.96 2836 P 
UlPlh 5 5.9 1.85 .24 18 4.0 3.7 0.97 .11 1.49 4066 P 
UlP2 5 5.6 1.60 .16 9 5.3 2.6 0.89 .17 1.15 2968 P 
UlPC 3 6.1 2.32 .19 15 8.9 3.9 0.84 .19 1.01 4101 P 
U2Q2p 1 8.0 0.40 .10 207 2.4 1.8 0.22 .22 0.25 1152 K 
U2QC1 1 7.3 0.23 .06 51 6.8 2.4 0.22 .08 0.48 1365 N 
U2Fl 7 6.6 0.76 .10 78 7.5 3.1 0.53 .10 0.52 2549 N 
U2F2p 4 6.4 0.60 .12 .57 11.2 3.7 0.53 .24 0.48 2587 N 
U2FC1 8 6.8 0.58 .08 46 13.8 1.9 0.22 .18 0.23 967 N 
U2FC2 5 6.1 0.79 .09 51 8.4 2.5 0.22 .15 0.29 1411 K 
U2UC 6 6.8 0.24 .08 87 4.8 2.9 0.39 .14 0.49 1500 N 
.~~g~~~·~_;~~~~~:~:~~~~:~;~~~.~:;~;~:__~2~~-,-1T~~:~~~~~~:~~,--7~~:i~~~'.__~:~~~~~~~~:~;~;:--~~~~~~~Î___..o.~;;--~ 
PPC 1 5.7 1.75 .14 34 14.4 4.8 0.14 .35 0.32 2258 K 
BVC 1 5.2 1.64 .10 38 5.2 1.4 0.25 .17 0.80 2486 N 
VlPC 6 5.0 2.26 .40 16 1.9 3.0 0.95 .16 1.58 2868 P 
V2P 3 5.5 2.50 .23 59 3.6 4.1 0.91 .41 1.74 4246 N 
V2PC 2 5.6 1.92 .19 25 9.3 4.6 0.68 .12 1.22 2933 N 
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The grouping of the mapping units into fertility classes 
according to their yield, is presented in table 2 and figure 1. 
Table 2. 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
Classification of mapping units according to estimated 
yield. 
Yield (Mg/ha) Mapping units 
4.0 - 4.5 UlPlh, UlPC, V2P 
3.5 - 4.0 HGC, LPl, LPC 
3.0 - 3.5 
2.5 - 3.0 LB, RPlh, UlP2p, U2F1, U2F2p, 
2.0 - 2.5 BVC, 
1. 5 - 2.0 HUC, 
LO - 1- 5 HBC, 
0.5 - LO U2FC1 
No data available 
4.0 4.5 Mg/ha 
3.5 - 4.0 Mg/ha 
2.5 - 3.0 Mg/ha 
2.0 - 2.5 Mg/ha 
L 5 - 2. 0 Mg/ha 
1.0 - 1.5 Mg/ha 
0.5 - 1.0 Mg/ha 
HPC, HQC, PPC, RP2, U2Ap 
MQC, U2UC, U2XC 
U2FC2, U2Q2P, U2QC1 
VlPC, V2PC 
imited yields of maize (dry matter), averaged 
per rnapping unit. 
Most common yield is 2.5 - 3.0 Mg/ha. This yield is strongly 
influenced by the large extent of unit RPlh. The yields in the 
eastern part of the area are rather low, although the lowest 
yields occur in unit U2FC1. It is clearly shown that the highest 
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yields occur on the pyroclastic materials (P). The behaviour of 
the soils developed on gneisses rich in ferro-magnesian minerals 
(F) is rather striking: yields of units U2F1 and U2F2p are 
relatively high, but yields of units U2FC1 and U2FC2 are the 
lowest. 
4.2 Fertility as a spatial variable 
The spatial variability of the various soil characteristics 
is best expressed by the various maps. (For the maps of the 
standard deviation see Appendix). Still some comments will be 
given for further explanation. 
4.2.1 pH-H20 (figure 2) 
7.0 - 7.5 
6.5 - 7.0 
6.0 - 6.5 
5.5 - 6.0 
5.0 - 5.5 
4.5 - 5.0 
4.0 - 4.5 
11 Figure 2. Estimated pH-values. 
l 
The pH-values increase gradually from West to East and seem 
to be related to altitude. An explanation for this tendency is 
the decrease of rainfall, the increase of evaporation-deficit 
and the increase of erosion__j,_~l:xa+-d-.i:-r-eetion. As a result of the 
~atter · more calcareous horizons are revealed at the surface in 
the eastern part of the area. When the arnount of rainfall is 
high, nutrients are leached out resulting in low pH-values, when 
evaporation exceeds rainfall upward transport of nutrients like 
Calcium may take place resulting in high pH-values. 
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Figure 3. Estimated organic Carbon (%). 
Organic C contents decrease downslope from West to East. 
Likely because temperature and pH are increasing. As a result 
mineralization is much higher and conseguently organic C contents 
are lower. Another factor contributing to low C-contents in the 
East is loss of topsoil caused by erosion. One must keep in mind 
that the type of organic matter differs with pH. At low pH acid 
types of organic matter are formed, which provide less nutrients 
. to crq,ps. 
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4.2.3 Organic Nitrogen (figure 4} 
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Figure 4. Estirnated organic Nitrogen (%). 
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Organic N is strongly related to organic C and therefore 
shows the sarne behaviour, with the exception that N is increasing 
more rapidly frorn the footslope towards Mount Kenya, resulting 
in a decrease of C/N ratios. 
0 
! 
l 
l 4.2.4 P-Mehlich (figure 5) 
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~ Above 80 mg/kg 
-
70 - 80 mg/kg 
~ 60 - 70 mg/kg 
ffillll 50 - 60 rng/kg 
~ 40 - 50 mg/kg 
~ 30 - 40 rng/kg 
~ 20 - 30 mg/kg § 10 - 20 rng/kg 
ffiillil 0 - 10 rng/kg 
Figure 5 . Estimated P-Mehlich ( mg /kg) . 
P-Mehlich figures increase rapidly towards the East and 
reach very high values (till 220). Most likely this is caused by 
favourable pH conditions and low amounts of rainfal~, although 
the parent material might have an effect toe. 
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4.2.5 Calcium (figure 6) 
; f!Hffiiii®! 18 - 20 mmol(I)/lOOg 
2 -
16 - 18 mmol(I)/100g 
1 ~ 14 - 16 mmol(I)/lOOg 
" 
li!il 12 - 14 mmol(I)/lOOg 
r~ 10 - 12 mrnol(I)/lOOg 
t êl 8 - 10 mmol(I)/100g 
rW1 6 - 8 mmol(I)/100g 
7/El 4 6 mmol(I)/100g 
J [[]]]] 2 - 4 mmol(I)/100g 
e.. ~ 0 - 2 mmol(I)/lOOg 
Figure 6. Estimated exchangeable Calcium (mmol(I)/100g). 
Highest Ca contents occur in the eastern part of the area. 
They coincide with high pH~values (see figure 2), although more 
classes are distinguished on the Ca map. High Ca contents can be 
associated with the presence of calcic horizons. Very low 
contents occur in the western part at the footslopes of Mount 
Kenya due to excessive leaching. Highest Ca contents occur near 
basic to ultrabasic rocks. 
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4.2.6 Magnesium (figure 7) 
~ll:-:=êl .4 - 5 rnrnol ( I) / 1 Oüg 
!f~ 3 - 4 mmol(I)/lOOg 
~ 2 - 3 rnrnol(I)/lOOg 
g 1 - 2 mmol(I)/100g 
~ 0 - 1 rnmol(I)/100g 
Figure 7. Estimated exchangeable Magnesium (rnrnol(I)/lOOg). 
Highest Mg contents occur near basic to ultrabasic rocks. 
Minimum values coincide with low pH-values. The maximum Mg 
content is relatively low compared to that of Ca and the 
differences are less pronounced. 
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4.2.7 Potassium (figure 8) 
I ID~~tl 11 - 12 mmol(I)/lOOg 
tM 10 - 11 mmol(I)/lOOg 
.l 9 - 10 mmol(I)/100g 
"11111111 8 - 9 rnrnol(I)/lOOg 
r~ 7 - 8 rnmol(I)/lOOg 
t E3 6 - 7 rnrnol(I)/lOOg 
11/'MJ 5 - 6 rnmol(I)/lOOg 
l~ 4 - 5 rnmol(I)/lOOg 
Hilliill 3 - 4 rnrnol(I)/lOOg 
"'~ 2 - 3 mmol(I)/100g 
Figure 8. Estimated exchangeable Potassiurn (mrnol(I)/lOOg). 
The highest K contents occur on the Plateaus and high level 
Uplands of volcanic origin. Likely, original K contents of 
pyroclastic rocks were high, but decreased in the western part of 
the area due to leaching. K-contents in the eastern part of the 
area are low, either due to originally low K contents or 
excessive weathering of the Basement System rocks. 
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4.2.8 Sodium (figure 9) 
-~ 
!11111111 
~ 
0.25 -
·. 0. 20 -
0.15 -
0.10 -
0.05 -
0.20 
0.15 
0.10 
mmol(I)/100g 
mmol(I)/100g 
mmol(I)/100g 
mmol(I)/lOOg 
mmol(I)/100g 
Figure 9. Estimated exchangeable Sodiurn (rnrnol(I)/lOOg). 
Highest sodium contents coincide with the maxima for pH and 
Ca content. They point in the direction of the presence of a 
drainage basin (accumulation zone) and upward watertransport 
caused by an evaporation-deficit. 
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4.2.10 Yield (figure 11) and most limiting nutrient (figure 12) 
r r~~m 4.0 - 4.5 Mg/ha 
l 
-
3.5 - 4.0 Mg/ha 
" 
l ~ 3.0 - 3.5 Mg/ha 
l.r lllllllJll! 2.5 - 3.0 Mg/ha r~ 2.0 - 2.5 Mg/ha 
b !· l 1. 5 - 2.0 Mg/ha 
11'#11 1. 0 - 1. 5 Mg/ha 
1fËJ 0.5 - 1. 0 Mg/ha 
j miilll 0.0 - 0.5 Mg/ha 
Figure 11. Estimated nutrient-limited yield of maize (Mg/ha). 
The highest yields occur on soils developed on pyroclastic 
rocks, reaching a maximum at the outer part of the Volcanic 
Footridges. The lower yields in the eastern part of the area are 
caused by the low amount of Nitrogen. The lowest yields coincide 
with the minimum of Potassium. In terms of most limiting 
nutrient, the area can roughly be divided in two parts: a left 
half at which Phosphorus is most limiting and a right part at 
which Nitrogen is .most limiting. Areas in which Potassium is most 
limiting öccur spotlike over the area. 
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K is most limiting nutrient 
P is most limiting nutrient 
N is most limiting nutrient 
Figure 12. Map of most limiting nutrient. 
4.3 Comparison of the two used methods 
The map of the nutrient-limited yields of maize varies 
widely with the used rnethod, although for both rnethods the 
highest yields occur on the soi1s frorn volcanic origin. These 
differences are inherent to the applied method. In the first 
method (chernical soil fertility as a mapping unit 
characteristic), the chernical soil data and calculated yields are 
averaged. By ' this differences within a mapping unit or 
differences between two identical units at different locations 
are wiped out. Next, the reliability of the results varies with 
the number of data to be averaged. If for instance three values 
are averaged, one wrong observation causes a high deviation. A 
disadvantage of the second rnethod is that sharp boundaries within 
the area, such as the boundary between volcanic rock and Basement 
System rocks are faded out. Transitions are gradual and the 
picture is much influenced by the choice of the class boundaries, 
although the trend remains the same. One must keep in mind that 
the presented maps only show a general picture and do not have 
the amount of detail, that is suggested by their fineness. It can 
be concluded that the method of kriging has many advantages with 
regard to the traditional me:t:llQ.d __ of sOil fertili tJL_ana 1 ysis and 
deserves more attention. 
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APPENDIX Standard deviation maps. 
0.7 - 0.8 
0.6 - 0.7 
0.5 - 0.6 
0.4 - 0.5 
0.3 - 0.4 
Figure 13. Standard deviation of pH. 
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Figure 14. Standard deviation of organic Carbon (%). 
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Figure 15. Standard deviation of organic Nitrogen (%). 
!El 45 - 50 mg/kg 
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Figure 16. Standard deviation of P-Mehlich (mg/kg). 
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SUMMARY AND CONCLUSIONS 
Lack of nutrients often forms a constraint to erop 
production. For Chuka-South, nutrient-limited yields were 
calculated from chemical soil data with a model called QUEFTS. 
For the extrapolation of the original point obervations to 
presentable maps, two methods were used and evaluated. Chemical 
soil fertility wa-s treated as a mapping unit characteristic and 
as a spatial variable. Conclusions of the present study are 
briefly summarized below. 
Chemical soil fertility is strongly related to altitude. 
- Chemical soil fertility is highest in areas of volcanic 
origin. 
- In the eastern part of the area, yields are limited by low 
availability of Nitrogen, which is caused by low organic 
matter contents; erosion causes loss of organic topsoil. 
- In the western part of the area, yields are limited either 
by lack of Potassium or lack of Phosphorus. Potassium 
contents are low due to excessive leaching. Phosphorus 
contents are rather low and additional Phosphorus supply 
by mineralization is limited due to low pH values. 
- C/N ratios increase towards the East. 
- The volcanic intrusions in the eastern part of the area 
are rich in Calcium and Magnesium. 
- Treating soil fertility as a spatial variable is 
preferable, since it has rnany advantages. 
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